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Abstract

Helium soil-gas surveys were performed over sixteen known or potential 
breccia pipes on the Hualapai Indian Reservation, Arizona. This study has 
extended a data base previously obtained to aid in interpretation of the 
helium surveys. The technique has not provided an unequivocal means of 
determining whether or not a particular collapse feature contains uranium 
mineralization. A discussion of the uranium potential for each feature 
surveyed is provided based on the helium data. After several of the features 
are drilled, the helium data can be reinterpreted in view of the additional 
information gathered.

Introduction

Helium soil-gas samples were collected in 2 stages, at several collapse 
features and breccia pipes located on the Hualapai Indian Reservation, south 
of the Grand Canyon, Arizona. Six features were surveyed in June and July 
1985 and ten were surveyed in May, 1986. A previous study included two 
collapse features, one of which was known to have uranium mineralization, and 
provided a pattern suggesting that the helium anomalies were related to 
uranium occurrence (Reimer, 1985). This present survey was intended to supply 
information on the distribution of helium above several additional collapse 
features, one of which is known to be a uranium-bearing breccia pipe, and to 
compare the data to the distribution of helium over features whose structure 
is unknown. This increase in the data base should permit an initial 
evaluation of the helium technique as an exploration guide in determining 
whether or not a particular collapse feature has the potential to contain 
economic-grade uranium. This evaluation will be confirmed after the 
structures have been examined by other geochemical and geophysical techniques 
and, ultimately, by drilling.

The collapse features studied are identified by numbers corresponding to 
descriptions provided by Wenrich and others (1988a, 1988b). Six collapse 
features were surveyed and are identified in Table 1;

Theoretical Background, Sampling, and Analytical Methods

Helium is formed from the alpha particle that is a product of the natural 
radioactive decay of uranium and thorium. Uranium and thorium are ubiquitous 
in trace amounts throughout rock-forming minerals and in ground water. When 
the concentration of those elements is greater in a small geographic area, the 
production and concentration of helium is also greater in that area. Helium 
is also a very mobile gas. It can move rapidly through soil and overburden, 
and the more free pathways it has, for example, in a highly-fractured collapse 
structure, the faster it will move. Consequently, helium has the potential to 
be very useful in identifying collapse structures, especially those that are 
brecciated, and also to reveal whether any uranium or thorium mineralization 
occurs in that structure.

Each collapse feature was sampled in one day to minimize variations in 
soil-gas helium that might be introduced by meteorologic changes. Over 150 
samples were collected at each location and several short traverses across the 
rim structure of the features were included.



Helium soil gas samples were collected from a 2.5 foot depth (0.75 m) by 
pounding a hollow steel probe into the ground and using a hypodermic syringe 
to withdraw the soil gas through an air-tight septum on top of the probe.

The gas was stored in the syringes and analyzed within 8 hours with the 
U.S. Geological Survey's mobile helium analyzer which was operating near the 
sampling locations.

Survey Locations, Data, and Discussion

The collapse features that were surveyed and their locations are listed 
in Table 1. The helium concentrations and collection positions with respect 
to the surface expression of the rim are shown in Figures 1-6. Four different 
size symbols represent concentration ranges. An evaluation of the helium 
results is presented for each structure surveyed. The helium data are 
interpreted solely on their own merit not correlating them to any other 
geophysical or geochemical data base. There are two criteria that have been 
selected for determining whether or not a particular collapse feature may be a 
uranium mineralized breccia pipe. The criteria are 1) relatively high 
concentrations of helium and 2) particularly well defined groupings or 
clusters of the higher helium values within any one collapse feature. An 
evaluation of the helium results is presented for each structure surveyed. 
Within the following figures, four symbol sizes are used to distinguish 
concentration groups. The sizes of the symbols are scaled for each figure and 
therefore each figure should stand alone.

Feature 220 (Figure 1). This feature has indications on the surface of copper 
minerals malachite and azurite. The helium survey had the second to lowest 
average concentration of any of the surveys. The central region has a band of 
higher helium concentrations but contrasts only because the background and 
surrounding values are so low. This feature is judged to have uncertain 
uranium potential.

Feature M93 (Figure 2). This feature had relatively low helium concentrations 
throughout most of the structure but there was a distinct central feature that 
had markedly higher helium concentration. On the basis of this central 
cluster and its high helium concentrations, this feature is judged to have a 
high potential for uranium.

Feature W (Figure 3). This structure had the highest helium concentrations 
of any of the features surveyed this time. Although there was no contrast to 
background. This features is a known breccia pipe and does contain some 
uranium mineralization (Wenrich and others, 1985c). On the basis of the high, 
overall, helium concentrations, this feature would be judged to have a high 
potential for uranium mineralization.

Feature 53^ (Figure M). This feature had the lowest average helium 
concentrations of any feature surveyed. Distinct areas of higher 
concentrations did occur within the structure so that this feature is regarded 
as having relatively high potential for uranium mineralization.

Feature 570 (Figure 5). The helium distribution at this feature quite vividly 
reflects the effects of diurnal heating. The zone of higher concentrations 
were collected early in the day, the area of lower concentrations were 
collected later. This is a very regular pattern and no group of higher helium



concentrations is evident. Therefore, this structure has a low potential for 
uranium. Discussion of diurnal effects have appeared previously (Bowles and 
Reimer, 1986) and will be addressed for these specific collapse features in a 
later paper.

/ 
Feature 1102 (Figure 6). This structure has relatively high helium
concentrations with no distinct pattern. The high helium contrast suggests 
mineralization corresponding to the known occurrences at Feature W. Because 
the concentrations are not as high and there is no distinct pattern, the 
uranium potential for this feature is classified as uncertain. The grouping 
of low concentrations in the central portion may suggest a silicic plug that 
reduces the free pathways for gas flux. No distinct rim was recognized for 
this collapse structure.

Conclusions

The results of the helium surveys on these additional collapse structures 
did not provide unequivocal information on whether or not the structure 
contained uranium mineralization. Two criteria have evolved that act as a 
guide for favorability. One is the distribution of higher helium 
concentrations grouped within a feature, the other is higher helium 
concentrations over the entire structure, both compared to background. These 
two criteria were observed for the breccia pipes known to have uranium 
mineralization, #53M and #562. It is likely that the smaller groupings of 
higher helium concentrations are an indication of a more open pathway in a 
portion of the structure. Only after a number of these features have been 
drilled will the utility of the helium surveying technique be known.
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Table 1. Identification number, location, average helium
concentration, number of samples, and evaluation of uranium

potential for the collapse features surveyed.

Average Helium
Identification 

Number

220

M93

M9M

53M

570

1102

Location 
Lat . /Long .

35°56'38" 
113°05 f 3M"

36°10'OM« 
112°57 f l8»

36°07'30" 
113 000'2M"

3505814311 
112°52 f 5M"

35°52»3M" 
112°56'29"

36°10'2M« 
113°02«30«

Concentration 
parts per billion*

17 ± M2

23 ± M1 
MM ± 37**

61 ± 28

1M ± 38

19 ± 36

3M ± 27

Number of 
samples

165

121

158

178

181

100

Uranium 
Potential

uncertain

high

high

high

low

uncertain

* with respect to an air reference at 52MO parts per million 
** inner rim structure, 16 samples



References

Bowles, C. G. and Reimer, G. M., 1986. A soil-gas helium survey of the
Hualapai Indian Reservation, northwest Arizona: U.S. Geological Survey
Open-File Report 86-36, 53 p.f 6 plates. 

Reimer, G. M., 1985, Helium soil-gas survey of a collapse feature on the
Hualapai Indian Reservation, Arizona: U.S. Geological Survey Open-File
Report 85-39 1*, 12 p. 

Wenrich, K. J., Billingsley, G. H., Van Gosen, 1988, Potential breccia pipes
in the National Tank Area, Hualapai Indian Reservation, Arizona: U.S.
Geological Survey Bulletin, 1683-B, *»5 p. 

Wenrich, K. J., Billingsley, G. H., Van Gosen, 1988b, Potential breccia pipes
in the Mohawk Canyon Area, Hualapai Indian Reservation, Arizona: in
preparation. 

Wenrich, K. J., Van Gosen, B. S., Balcer, R. A., Scott, J. H., Mascarenas,
J. F., Bedinger, G. M., and Burmaster, Betsi, 1985, A mineralized breccia
pipe in Mohawk Canyon-Lithologic and Geophysical logs: U.S. Geological
Survey Open-File Report 85-^69, 72 p.



o
O

 
0
 
'

£ d i 1 
0

O
 

o 
-'0 ;o

Q
 O §
o O

N"
9

O O
^
.-

-e
r 
 
 O

  -
 O

  
 "9

--
Q

^
'%

O o O o O o o o o o o -a

o o o o o O O O o o o O ^
 o

o o O o o O O
 

O o o O O o

o o o o o O O
 

O o o O o o

o o o O O o o o o o o o

O o o O o O O
 

O o o o O
-
 
£

-

O ^Q 0
\
 

0

o 
^o

 
o

O
 

&
O

 
d, 

o 
o

o 
o»

 
Q

O
 q

 
°

O
 

Q
0
 

d
O

 
®

O
 

S
£j

'

CU
LL
AP
SE
 
FE
AT
UR
E 

22
0

H
E
L
I
U
M
 
C
O
N
C
E
N
T
R
A
T
I
O
N
 
Cp
pb
)

o o O O

< 
-1

0

-1
0 30

> 
70

to
 

30

to
 

70

/
 

» 
Ap

pr
ox

im
at

e 
\~
* 

Ri
m

St
ru
ct
ur
e

40
 f

ee
t

Fi
gu

re
 1

. 
He

li
um

 c
on

ce
nt

ra
ti

on
 f

or
 c

ol
la
ps
e 

fe
at
ur
e 

22
0.

 
Th

e 
da
sh

ed
 

li
ne

 r
ep

re
se

nt
s 

th
e 

ap
pr
ox
im
at
e 

lo
ca
ti
on
 o

f 
th
e 

ri
m 

st
ru
ct
ur
e.



Fi
gu

re
 2

. 
He

li
um

 c
on

ce
nt

ra
ti

on
 f

or
 c

ol
la

ps
e 

fe
at

ur
e 

49
3.

 
Th
e 

da
sh

ed
 

li
ne

 r
ep

re
se

nt
s 

th
e 

ap
pr
ox
im
at
e 

lo
ca
ti
on
 o

f 
th

e 
ri

m 
st

ru
ct

ur
e.

o O
^

03 O O o O O ev O

o 0
'

*

o O O o O o O
^
^
_ CT

^

g^ "o o o o 0 0 O o Q
^

-p
- o 0 0 0 O 0 o o o

O
 

o O
-Q

-
%

o 
^

o  ""
» & o o o O o o ~c
f~ 8 O O 0 o

O
 

o

LJ
3 

o
N O

xv
 

O \
O

 
&

^

o 
O

0
 

0
O

 
o

0
 

0

O 0
 

0
_

_
  
-

o 0 o
t 

O cu o o o o o
 ~

 *
"

o o o o o o 6
' o o o -p

*'

o o o o O
 o

Q
O

d
O

Q
 o

*
-0 O o p
s ^

CO
LL
AP
SE
 
FE
AT
UR
E 

49
3

HE
LI

UM
 
CO

NC
EN

TR
AT

IO
N 

(p
pb

)

O

<
 
- -1
0 

to
 
30

30
 
to

 
70

O
 

> 
70 I N

/
"
%x

f 
AP
PR
OX
IM
AT
E 

RI
M 

I 
/ 

ST
RU

CT
UR

E

IN
NE
R 

RI
M

40
0 

fe
et

sc
al

e



Fi
gu

re
 3

. 
He
li
um
 c

on
ce

nt
ra

ti
on

 
fo

r 
co
ll
ap
se
 
fe
at
ur
e 

49
4.

 
Th
e 

da
sh
ed
 

li
ne

 r
ep
re
se
nt
s 

th
e 

ap
pr

ox
im

at
e 

lo
ca

ti
on

 o
f 

th
e 

ri
m 

st
ru
ct
ur
e.

O
 o

o o O
 

o o o

o o o o o
o o

"Q
Q

O
o

o
O

O

O
O

O
O

O
O

O
O

O
00
^0
0 
O
O
O
O
O
O
O
O

cy
zf

o 
° O

o 
o
o
o
o
 o

 o
 

o 
o
o
o
o
o
o
O

O
o

O
O

o
o
o
o
o
o
o
o
o

O
O

O
O

 
O

iO
 

O
O

O
O

O
O

O
O

'
o
o
o
o
o
o
o
 
o
o
o
o

bo
 
oo
oo
oo
o 

o
d
p
 
o
o
o
 
o
o
o
o
 

0
0
0
0
0
0
°
 o
o
o

O
 O
-Q

 O
 O
 O
 o
 O
 O
 
O
 

o
"
~
C
r
 -
-
-
-
 
"
"

O
 
O

o 
o 

o 
o

O
 
O

CO
LL
AP
SE
 
FE

AT
UR

E 
49

4

H
E

LI
U

M
 

C
O

N
C

EN
TR

A
TI

O
N

 
<p

pb
>

o 
< 

-1
0

o o o

-1
0
 

to
 

30

30
 

to
 

70

> 
70

,-
  

A
pp

ro
xi

m
at

e 
'» 

ri
m

*"
""

 
st

ru
ct

ur
e

80
 f

e
e
t



O
 

o 

O
 

O
o 

°o
o 

o 
o 

O
 

9
--

°

O
 

O
 

s
O

^
O

 
O

 
O

o 
'o

 
o 

O
 

O
 

o 

t>
 

o 
O

 
O

 
O

 
o

O

o 
O

o O
o

o
o

O
 

o

o
o

o
\o

 °
o 

o 
O

O
 °

 O
 °

 O
 °

YO
 °

Q
o
Q

O
O

o
 

0
Q

 
0

»
Q

 Q

o 
o 

G
 

O
 

o
 

o
O

C
\ ^ 

o 
O

 
O

 
o 

% 
O

O
O

o
o

o
o

O

\ 
o 

o 
o 

O
 °

 
^O

^^
tD

 o
 o

 o

Q
o

 
o 

o 
o 

o
Q

Q
Q

O
O

0

O
O

 
o 

o
o 

o 

O
 

o

o
Q

CO
LL
AP
SE
 
FE

AT
UR

E 
53
4

HE
LI
UM
 
CO

NC
EN

TR
AT

IO
N 

(p
pb

) 

O
 

<
 
-
1
0

O O

-1
0
 

to
 

30

30
 

to
 

70

O
 

> 
70 1

f
 

^»
 
Ap
pr
ox
im
at
e 

ri
m 

' 
' 

st
ru
ct
ur
e

Q 
. 

2Q
O 

fe
e
t

Fi
gu

re
 4

. 
H

el
iu

m
 c

on
ce

nt
ra

ti
on

 f
or

 c
ol

la
ps

e 
fe

at
ur

e 
53

4.
 

Th
e 

da
sh

ed
 

li
ne

 r
ep

re
se

nt
s 

th
e 

ap
pr

ox
im

at
e 

lo
ca

tio
n 

of
 t

he
 r

im
 s

tr
uc

tu
re

.



o 
o

O
 
o 

o 
o

o 
o

O o
O
 

o 
o

O
°

o-
^p
 o 
oo

oo
o 
o 
d
X
p
O
Q
O
 

o 
o 
o 
c^
O 
O
 O

o
O

Q
£

O
° 

°O
 

o 
oO

O
O

Q
O

C
D

O
o 

o
O

vv 
o

Q
o

O
o

 o
O

O
O

O
p
O

 
i 
o

o
 o

 o
o

O
Q

o
Q

o
/o

O
\o

 o
 o

oo
oo

og
<

30
1

H
 o

 o
 

o 
o 

O
H

>
'Q

O
Q

! 
o
^-

Q
e-

O
t C o 

o

O
 

0

o 
o

o 
O

O

CO
LL

AP
SE

 
FE

AT
UR

E 
57

0

H
E

LI
U

M
 

C
O

N
C

EN
TR

A
TI

O
N

 
C

pp
b)

<
 
-
1
0

O O O
 

>

-1
0 

to
 
30

30
 
to
 
70

70 AP
PR
OX
IM
AT
E 

RI
M 

ST
RU

CT
UR

E

10
0 

fe
et

sc
al

e

Fi
gu
re

 5
. 

He
li

un
 c
on
ce
nt
ra

ti
on

 f
or
 c

ol
la

ps
e 

fe
at

ur
e 

57
0,
 

Th
e 

da
sh
ed
 

li
ne
 r

ep
re

se
nt

s 
th
e 

ap
pr
ox
im
at
e 

lo
ca

ti
on

 o
f 

th
e 

ri
m 

st
ru

ct
ur

e.



o o o o o
o 
O
O
O
O
O
 o
 O
O
 

o 
O
O
°
 O
 °

 
o 
O
 O
 

o 
O
O
°
 o

 O
O
O
°
 

O
o
o
o
 

o 
o
O
O
O
 

O
O
O
O
O
O
°
O
 

° 
° 

° 
o
O

O
O
O
O
O
 o
 O
O
O

O
O
o
 O
O
 o
Q
 °

 O
O
O
O
O
O
O
O
O
O

O
Q
o
Q
o
 o
O
O
O

o O O
 

o o

CO
LL

AP
SE

 F
EA

TU
RE

 
11
02

H
E

L
IU

M
 

C
O

N
C

E
N

TR
A

TI
O

N
 

<p
pb

> 

O
 

<
 

L
1

0

O O
 

O

-1
0

 
to

 
30

30
 
to

 
70

> 
70 1 Q 

m 
40

 f
ee

t

r

No
 d

ls
tt

nc
t 

ri
m 

st
ru

ct
ur

e

Fi
gu
re
 6

. 
He
li
um
 c
on
ce
nt
ra
ti
on
 f

or
 c

ol
la

ps
e 

fe
at

ur
e 

11
02
. 

Th
e 

da
sh

ed
 

li
ne
 r

ep
re

se
nt

s 
th

e 
ap
pr
ox
im
at
e 

lo
ca
ti
on
 o

f 
th
e 

ri
m 

st
ru

ct
ur

e.


